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ABSTRACT

Background: The study investigates the genetic variability, heritability and character association among seed characteristics in
mungbean genotypes. Mungbean is an important pulse crop and understanding its genetic diversity is crucial for breeding programs
aimed at improving seed traits such as size, weight and yield. This research employs statistical analyses to evaluate the extent of
genetic variability and to explore the relationships between various seed characteristics.

Methods: In this field-laboratory investigation, field experiments were conducted with 35 mungbean genotypes over four
environments created by four different dates of sowing in Randomized Block design (RBD) with three replications at College of
Agriculture, Swami Keshwanand Rajasthan Agricultural University, Bikaner, Rajasthan during summer-2019, Kharif-2019 and
Kharif-2020.

Result: Highly significant differences were found among all genotypes for all seed traits studied. The high degree of genetic
variability along with high heritability and high genetic advance as per cent of mean were observed for water absorption capacity,
water absorption index and porosity which reveals that these characters were under the control of additive gene action and
therefore, form the basis of selection for mungbean improvement programme. Among seed traits, water absorption index and 100-
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seed weight had positive correlation with seed yield and directly contributed towards seed yield.

Key words: Genetic variability, Heritability, Mung bean, Phenotypic association, Seed characteristics.

INTRODUCTION

Pulses are an important source of staple protein for
vegetarians which constitute a major population of the
country. Mungbean is also known as green gram, an ancient
pulse crop widely cultivated under different agro-ecological
situations in India mainly during Kharif and summer
seasons (Kumar et al., 2024). It is a diploid species having
chromosome number (2n=22) belongs to family
Leguminosae (Fabaceae), sub-family Papilionaceae and
is botanically recognized as Vigna radiata (L.) Wilczek (Anita
et al., 2022). Mungbean is a native of South Asia (India).
Vigna radiata var. sublobata is the possible progenitor of
mungbean. It is basically a self-pollinated crop (Singh
et al., 2015).

After chickpea and pigeon pea in terms of production
and area, mungbean is the third most significant pulse
crop in India. India is a major producer of mungbean and
at the same time India identified as the largest consumer
of mungbean in the world (Sneha et al., 2020). In India, the
total area covered under mungbean is 4.607 million
hectares with a production of 2.448 m tons and a productivity
of 513 kg/ha in the country during 2017-18 to 2021-2022
(Directorate of Pulses Development, 2022). Currently, the
realized average productivity of mungbean is well below
the economic level (Rahmianna et al., 2021).

Pulses play an important role in supplying the needs
of food in human society, especially in developing countries.
Determination of physical and mechanical properties of
seeds and agricultural products is important in designing
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of harvesting, handling and processing equipment,
transport, yield and store of the crop. Physical parameters
of seed affect vegetative growth and are frequently related
to yield, market grade and harvest efficiency. Some physical
properties of seeds viz., 100-seed weight, seed volume
and seed size are the important characteristics for
designing equipment for the transportation of agricultural
produce (Peleg, 1985). Genetic variation is the cause for
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variation in the size of seed between varieties. Many
researchers investigated the variation on seed size for seed
germination following seedling emergence and related
agronomic aspects in mungbean. Generally, the larger seed
has better field performance than the small seed. The 100-
seed weight is one of the important characters and
represents the size, quality and density of seeds which are
also affected by environment and genetic factors (ICARDA,
2005). Therefore, it is essential to achieve basic scientific
information about these seed characteristics.

High vyield is the basic objective of all crop breeding
programmes. In any program aimed at genetic
improvement of yield, existence of variability is the basic
requirement (Azam et al., 2018). The available genetic
variability for the traits of interest, especially yield and its
attributes are to be exploited by mungbean breeders in
order to broaden and strengthen genetic potential. Yield is
a complex character and depends upon the action and
interaction of a number of factors. The relative contributions
of these different characters to seed yield can be estimated
by correlation analysis. However, correlation studies do
not provide an exact picture of the relative importance of
direct and indirect influence of each of them. The path
coefficient analysis further allows the partitioning of
correlation coefficients of yield-related characters into their
direct and indirect effects (Gogoi et al., 2024).

Keeping all these points in view, the present study
was planned to assess genetic variability, heritability,
genetic advance, correlation and path coefficient for seed
yield and its contributing seed traits in mungbean in order
to identify the most promising traits of interest and
genotypes to be considered in future mungbean crop
improvement programmes.

MATERIALS AND METHODS

The experimental material consisting of thirty-five
genotypes were procured from NBPGR, Regional Station,
Jodhpur; Rajasthan Agricultural Research Institute,
Durgapura, Jaipur; Agricultural Research Station,
Sriganganagar and Agricultural Research Station, Mandor,
Jodhpur is given in Table 1. Field experiments were
conducted at College of Agriculture, Bikaner, Swami
Keshwanand Rajasthan Agricultural University, Bikaner,
Rajasthan during summer-2019 and Kharif-2019. The
experimental material consisted of 35 genotypes of
mungbean was evaluated in randomized block design with
three replications accommodating 3 meter long two rows
per replication at 30 cm spacing under sprinkler irrigated
situation in four different environments created by four
different dates of sowing viz., (i) summer season: (A) early
sowing (6™ March 2019) and (B) late sowing (20" March
2019); (i) Kharif season: (C) early sowing (6" July 2019)
and (D) late sowing (20" July 2019). All the recommended
package of practices was adopted to raise a good crop.
The observation for seed yield was recorded on individual

plant basis on five randomly selected plants from each
genotype of each replication.

The laboratory experiment was conducted from the
harvested seeds with same 35 genotypes of mungbean
for three replications of each mungbean genotype under
completely randomized design (CRD) studied at room
temperature at Department of Biotechnology, Swami
Keshwanand Rajasthan Agricultural University, Bikaner,
Rajasthan during Kharif-2020. The data on seven seed
parameters viz., 100- seed weight, seed volume, true
density, bulk density, porosity, water absorption capacity
and water absorption index studied at room temperature
were estimated and recorded. The procedure adopted to
record the observations for each character is given below:

100-seed weight (g)

Well dried 100-seeds were counted from bulk seeds of
each genotype and weighed on electrical balance.

Seed volume (ul/seed)

Seed volume was measured by ‘Liquid displacement
technique’ (Shepherd and Bhardwaj, 1986). Water was
used to determine seed volume. For each mungbean
genotype 100-seeds were weighed and put into a 100 ml
measuring cylinder containing 15 ml (initial reading) of
water that could completely cover all the seeds. Seed
volume was calculated according to Mohsenin (1986) by
using the formula:

Final reading - Initial reading
100

Seed Volume (ul/seed) =

True density (g/cm?)

True density was determined using the ‘Toluene
displacement method’ (Mohsenin, 1986; Singh and
Goswami, 1996). Toluene (200 ml) was filled in a 500 mi
graduated measuring cylinder and 100g seeds were
immersed in it. The amount of toluene displaced was
recorded. The true density was estimated as the ratio of
sample mass to the volume of displaced toluene.

Bulk density (g/cm?)

Bulk density was determined following the method reported
by Singh and Goswami (1996) and Gupta and Das (1997)
by filing a 500 ml cylinder with seeds from a height of 15
cm at a constant rate. Excess seeds were levelled off with
a metal rod and then the contents were weighed. Bulk
densities were calculated as the ratio of the mass of the
sample to the volume of the container and expressed in
gcm. Tests were carried out without tapping the cylinder
and compacting the seeds.

M
Bulk density (g/cm?®) =7

Where,
M = Mass of seed in gram.
V =Volume of container in cm?.
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Porosity (%)

The porosity of bulk seed was computed from the values of
true density and bulk density using the following formula

(Singh and Goswami, 1996):

Porosity (%) = { 4 _B.D. } x 100
T.D.

Where,
B.D. = Bulk density (in gcm™).
T.D. = True density (in gcm?).

Table 1: Details of mungbean genotypes used in investigation.

Water absorption capacity (mg/seed)

To calculate the water absorption capacity, 100 seeds from
each replication were weighted, soaked in water and was
maintained at room temperature for 12 hours. The seeds
were then removed from water and the excess moisture
on the seed surface was removed with filter paper and
seeds were weighted. Water absorption capacity in terms
of mg per seed was calculated as per Mohsenin (1986):

WAC (mg/seed) =
Weight after soaking - Weight brfore Soaking
100

Name of genotype

Year of collection Source of procurement

Germplasm procured from NBPGR, Regional Station, Jodhpur

1C-39269
1C-39300
1C-39328
1C-39352
1C-39399
1C-39409
1C-39454
1C-39492
1C-39608
1C-39610
1C-52076
1C-52081
1C-52082
1C-52087
I1C-102792
1C-102821
I1C-102857
IC-103014
I1C-103059
I1C-103244
IC-338868

1993
1993
1993
1993
1993
1993
1988
1988
1992
1992
1992
1992
1992
1992
1986
1986
1986
1986
1986
1986
1990

Jodhpur, Rajasthan

Jaswasar, Bikaner,Rajasthan
Lalela, Barmer, Rajasthan
Manduwa, Barmer, Rajasthan
Jaspura, Palanpur, Gujarat
Kapara, Banaskantha, Gujarat
Surendranagar, Gujarat
Dudhai, Mahesana, Gujarat
Nevra, Jodhpur, Rajasthan
Osian, Jodhpur, Rajasthan

*
*
*

*

Banar, Jodhpur, Rajasthan
Gidani, Jaipur, Rajasthan
Khasur, Dholpur, Rajasthan
Alampur, Kheda, Gujarat

Krakas, Amreli, Gujarat
Bhrwasa, Didwana, Nagaur, Raj.
Sanari, Barmer, Rajasthan

Varieties/ genotypes procured from Agriculture University, Jodhpur

Sweta

IPM-02-3
IPM-02-14

Samrat (PDM-139)
GM-4

MH 2-15

MH-421

CSAVAT, Kanpur

ICAR-IIPR, Kanpur

ICAR-IIPR, Kanpur

ICAR-IIPR, Kanpur

AAU, Pulse Res.Station,Vadodara
CCSHAU, Hisar

CCSHAU, Hisar

Varieties/ genotypes procured from RARI, Durgapura, Jaipur

RMG-62
RMG-344
Keshwanand Mung-1 (RMG-975)

Varieties/ genotypes procured from ARS, Sriganganagar

SML-668
SML-832
Ganga-1
MUM-2

SKRAU-ARS, Durgapura, Jaipur
SKRAU-ARS, Durgapura, Jaipur
SKNAU-RARI, Durgapura, Jaipur

PAU, Ludhiana

PAU, Ludhiana

SKRAU-ARS, Sriganganagar
CCS Meerut University, Meerut

*Source was not mentioned by NBPGR, Regional Station, Jodhpur, Rajasthan.
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Table 2: Analysis of variance of mungbean genotypes for various traits.

Sources of variation

Character
Replications Genotypes Error

d. f. 2 34 68
100- seed weight (g) 0.00104 0.42034** 0.00081
Seed volume (ul/seed) 0.37143 70.32885** 0.24398
Bulk density (g/cm?®) 0.00013 0.00240** 0.00016
True density (g/cm?) 0.00083 0.01712** 0.00031
Porosity (%) 0.88748 76.38915** 0.98074
W ater absorption capacity (mg/seed) 0.09002 219.68103** 0.64371
W ater absorption index 0.00002 0.11217** 0.00042
Seed yield per plant (g) 0.52600 24.6960** 0.22710

*Significant at P = 0.05, ** Significant at P = 0.01.

Table 3: Mean performance of mungbean genotypes for seed yield per plant over four environments.

Name of Seed yield per plant (g)

genotype Env. -A Env. -B Env. -C Env. -D Pooled
1C-39269 5.47 7.70 14.94 13.65 10.44
1C-39300 4.00 6.67 1117 9.60 7.86
1C-39328 5.47 8.28 13.96 9.73 9.36
1C-39352 6.20 5.87 13.30 8.53 8.47
1C-39399 5.80 7.60 9.91 10.77 8.52
1C-39409 5.67 7.63 10.11 9.87 8.32
1C-39454 5.73 6.13 10.91 10.67 8.36
1C-39492 9.93 6.13 13.27 16.10 11.36
1C-39608 7.73 5.73 7.16 11.00 7.91
1C-39610 8.07 5.73 8.21 10.00 8.00
1C-52076 5.40 8.67 7.52 8.00 7.40
1C-52081 6.07 9.36 8.69 8.00 8.03
1C-52082 7.00 8.80 7.73 11.00 8.63
1C-52087 8.67 8.53 8.06 10.13 8.85
1C-102792 7.47 6.67 9.83 10.00 8.49
1C-102821 4.67 10.26 11.17 15.00 10.28
1C-102857 7.27 9.86 9.33 14.00 10.11
IC-103014 6.87 10.33 9.85 10.00 9.26
IC-103059 9.33 8.40 9.97 10.00 9.43
1C-103244 6.40 6.27 8.37 6.93 6.99
IC-338868 11.67 6.27 8.43 10.00 9.09
Sweta 6.20 8.80 7.06 11.00 8.26
IPM-02-3 4.60 9.59 12.37 11.00 9.39
IPM-02-14 4.53 10.46 12.54 8.00 8.88
Samrat (PDM-139) 4.87 9.66 15.21 9.07 9.70
GM-4 5.47 13.89 19.22 14.00 13.15
MH 2-15 5.60 9.41 12.87 11.00 9.72
MH-421 4.67 11.42 10.98 8.93 9.00
RMG-62 6.53 14.59 12.72 11.73 11.39
RMG-344 6.40 11.13 15.76 15.00 12.07
Keshwanand Mung-1 6.93 6.67 17.44 11.73 10.69
SML-668 5.07 9.32 10.87 9.33 8.65
SML-832 5.87 14.61 14.44 9.60 11.13
Ganga-1 6.73 5.47 15.11 9.20 9.13
MUM-2 5.13 9.39 13.23 14.00 10.44
Overall mean 6.38 8.72 11.48 10.76 9.34
Range 4.00-11.67 5.47-14.61 7.06-19.22 6.93-16.10 6.99-13.15
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Where, o
WAC = Water absorption capacity. é E %°
Water absorption index 2 8598 LuB8RE %
The water absorption index was obtained by dividing the % E’_ § 2ELVEIRER
water absorption capacity of a single seed by its size/weight & & F
(Wiliamsa et al., 1983). ©
Water absorption index = o 9
Water absorption capacity (mg/seed) T § Y N g § § S 3
Original seed size (g) L) > gle2ee--ed
Analysis of variance (ANOVA) was done by subjecting
the data to the statistical method described by Panse and
Sukhatme (1985). The statistical analysis was performed 2
using INDOSTAT 8.1 and XLSTAT 2021.2.2 software. Z T 0looocooo90®
Genotypic variances and phenotypic variances were g g g § § g g g § § %
calculated according to Johnson et al. (1955); Comstock 5 e
and Robinson (1952), respectively from the expectations T
of mean squares by using an ANOVA table for each
character. Heritability in a broad sense was calculated as
suggested by Burton and Devane (1953). The expected é < o o o <
genetic advance for each character was calculated as §|¢ ] = < 3 S ooy
suggested by Johnson et al. (1955). Phenotypic correlation ‘c‘é e ® = NP N®©
and path coefficients of variation were computed as per gl
the method given by Dewey and Lu (1959). E
k5
RESULTS AND DISCUSSION £lg
The analysis of variance revealed significant differences Sl |5~83 3 &8I
among genotypes for all seven seed traits which indicate 3 5 2wy III
the presence of good amount of variability in the genotypes ‘g ©
and scope of selection for genetic improvement of g
mungbean (Table 2). The results confirmed the findings of g
Adlan (2019) in mungbean, Get et al. (2019) in lentil, Pal S
et al. (2020) and Meena et al. (2021) in mothbean. B < 0 QY N
On the basis of mean performance over environments, @ S f; S 2 f @ = 2 o
highest seed yield was observed in GM 4 followed by RMG & 5 89 g E Q é
344, RMG 62, IC 39492, SML 832, Keshwanand Mung 1, & o S~ 6N~ OS o
MUM 2, IC 39269, IC 102821, IC 102857, MH 2-15, Samrat, %
IC 103059 and IC 39328 (Table 3). Mungbean is a self- S
pollinated crop therefore; all above mentioned varieties/ z’
genotypes could directly be used for cultivation under § - ~ S R
irrigated normal soil and water situation of arid zone as well e 3 . C® 2 T 9o
as in future breeding programme to develop superior 2 = ToTTdaceQ
varieties. Similar findings were earlier reported by Baraki et al. 5
(2020), Samyuktha et al. (2020) and Kumar et al. (2024). 2 N
High GCV and PCV were found for water absorption © B
capacity, water absorption index, porosity and seed yield § g
per plant. Include the lowest and highest values for all 8 g
traits. Therefore, high degree of heritable genetic variability = )
in these seed traits reveals the good scope of selection for g — § FC)
these traits (Table 4). Similar findings were earlier reported § C) § = g 82 :‘;
by Adlan (2019) in mungbean and Get et al. (2019) in lentil. g £ = §s5t ¢ s a
High heritability coupled with high/moderate genetic = T, 2 f c 8831
advance as per cent of mean was observed for water o N - § ‘?, 7 fé § § o
absorption capacity, water absorption index, porosity, seed 4| % % § S é é z00 2
volume, 100-seed weight, true density and seed yield per % g g s B x 9 6 % % 3
plant. These traits are governed by additive gene action S22 5 SHRETZTZSH



8290 6¥.5°C SLiv'e G990 96610 Zlvs0- cLivo LL8¥°0 9 .m
«x109°0 oL66°'L Zlie'l LLLS0 608€°0 0.0¥°0- LLLE0 269€°0 d xapul uondiosqe Jsje m
8G90 Z6lLL - 11022 165y 0- 8LLE0- 812Z¥0 1899°0- 6066'0- 9 m
xx829°0 cLigL- 4720 €62¢e0- €6120- 22620 €G.¥°0- L¥0.°0- d Ayoedeo uondiosqe seie M m
€Leo 00¥Z0 2e61°0 68260 G198°0 LLIyY 0" S100°0- 2G80°0- ) m
x€02°0 L0EY0- 99v¢'0- L1197)- 89€G’ |- 61180 €000 €510 d Ayisolod m,
oLco L1LEL0- 6560°0- G629°0- 88.9°0- 0200 ¥920°0 26800 ) 5
x€02°0 180€°0 144440 €G.l¥L L0191 Ly91°0- 8¥90°0- 0602°0- d Aysuep oniy B
280°0- 6160°0- G€80°0- 90LC0- ¥Gv0°0- 0.¢¥0 00%0°0- €¥L0°0- ) .w.
9.0°0- 9lzio ¥0LL°0 61820 80900 6¥65°0- 91500 08100 d Aysusp xing m
Lo L110°0- 1220°0- 10000 82000 19000 L€120°0- 2.€0°0- ) .m
€0L’0 9.10°0- ¥€€0°0- 20000 S¥00°0 96000 L0LL°0- 2960°0- d awnjoA pees |
6€€0 G/91°0 ¥2ov0 2280°0- 8.LL°0- 2620°0- 1G8S¥°0 G968°0 )
«¥2Z€0 96€1L°0 99¢€°0 8890°0- 1160°0- 1220°0- 818€°0 12S.°0 d biem pass -001
eld Jad pjaih Xxapul Ayoedeod
paas yum uondiosqge uondiosqge Asolod Ausuap Ausuap awn|oA 1ybram J9101RYD
uolje@4109 1918 M\ 1918 M\ anJ) ying paag paas -001

sonsIv10BIEYD Paas J0) pIoIA pasas uo sadAjousb ueagbunw jo jusidiyaod yjed oidAlousab pue oidAjousyd jo sejewns3 :g9 ajqeL

Genetic and Phenotypic Insights into Seed Characteristics for Enhancing Yield Potential in Mungbean [Vigna radiata (L.)....

000°L )
000'L d jueid sod pjalk peag
8290 000°L )
xx109°0 000°L d xapul uondiosqe Jsje
8G90 096°0 000°L )
«829°0 0960 000'L d Ayoeded uondiosge saje
€lco 8620 8020 000°L )
x€02°0 xxLGC°0 xL02°0 000°L d Ayisolod
oLco ¥61°0 Lvl0 1260 000°L )
x€02°0 «16L°0 6€L°0 xx916°0 000°L d Aysusp enig
280°0- olco- L6L°0- Z8v'0- ¥0L°0- 000°L )
9.0°0- «¥02°0- 981°0- »¥8%°0- 2oL’0- 000°L d Aysusp xing
Lo 0910 €0€0 200°0- 6€0°0- 260°0- 000°L )
€0L'0 6610 xxC0€°0 200°0- 0¥0°0- 180°0- 000°L d SWN|OA pasg
6€€0 /810 (2740 260°0- LEL'0- €€0°0- 8050 000°L )
«¥2Z€0 S8L0 xLYY°0 160°0- 0€lL’0- 0€0°0- xxL0S°0 000°L d biem pass -001
jueid Jsad Xapul Ayoedeod
I uondiosqge uondiosqge Asolod Ausuap Ausuap awn|oA wybiam J9)0BIEYD JO BWEN
paag 1918 M\ 1918 M\ anJ) ying paag paas -00|

'SOllSLI9}oBIBYD Paas Jo) pIvIA paas uo sadAlousb ueagbunw jo juaIoIB0D UoEe1I0d dldAlousb pue oidAjousyd jo sejewns3 :G a|qel




Genetic and Phenotypic Insights into Seed Characteristics for Enhancing Yield Potential in Mungbean [Vigna radiata (L.)....

‘ Phenotypical Path Diagram for

Residual effect 0.727

.

SELD

Fig 1: Phenotypic path diagram of seed traits for seed yield in mungbean.

and therefore, may be improved through direct selection.
These results are accordance with the earlier finding of
Adlan (2019) in mungbean, Get et al. (2019) in lentil, Pal
et al. (2020) and Meena et al. (2021) in mothbean.

The traits namely; 100-seed weight, true density,
porosity, water absorption capacity and water absorption
index had significantly positive correlation with seed yield
per plant (Table 5). Positive direct effect on seed yield per
plant was observed for water absorption index and 100-
seed weight at both phenotypic and genotypic levels;
whereas, true density at phenotypic level and porosity and
bulk density at genotypic level (Table 6). The residual effect
was found high for seed traits at both phenotypic and
genotypic levels which indicate that seed traits were also
contributed to seed yield but major contribution came from
other traits like agro-morphological and physio-
biochemical traits (Fig 1). These findings are in accordance
as reported by Adlan (2019) in mungbean, Pal et al. (2020)
and Meena et al. (2021) in mothbean.

CONCLUSION

Highly significant differences were found among all
genotypes for all seed traits studied. The high degree of
genetic variability along with high heritability and high
genetic advance as per cent of mean were observed for
water absorption capacity, water absorption index and
porosity which reveals that these characters were under
the control of additive gene action and therefore, form the
basis of selection for mungbean improvement programme.
Among seed traits, water absorption index and 100-seed
weight had positive correlation with seed yield and directly
contributed towards seed yield which can help in the
improvement of seed yield in mungbean.
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